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Mr, wWhittemors/mg

NEDGB (13 Mar 6)) Lth Ind

SUBJECTs Chicopes Falls lLocsl Protection ?roJJct, Chicopes River,
Rassachusetts - Design Memorandwe Ro. 7 « Detalled Design
of Btrustures ‘ .

¥. 5. Army Bngr Div, New England, Walthsm, Mass. 24 October 1963
YO: Cidef of Englneers, ATTM: ENGOW-BZ, Washington, D. C.

Action avggested in previous indoreement fox Wall Type E is
voncurred with, The #1h bars at 6Mco hawe been changed to two luyers

of #10 bars spsced 6%ce sash loyer. Bplices have bean staggered in
both lxyers. ‘

FOR THE DIVISION ZNOINERR

JOHR Wi, LESLIE
Chiesf, Enginesring Division

. ' t
cc: Mr, Leslis henw ! !

Mr, Grodon i
Mr, Coffin —
Eng. Div, File
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ENGOW- Lty Mar 63) ist Ind

SUBJRDT Jhicopee Fulls Lecwl Proiection Project, Chicopee River,
Mussachusetts ~ besign Hemorandum Ko. 7 ~ Detailed Design
of Structures

Office, .Jhief of Engineers, #ashington 25, L. C, 9 April 1963
TO0s Division Engineer, U. 5. Army bngineer Division, New iIngland

besign Memorandum wWo. 7 — Detailed Design of Structures ie approved
subject to the following comments:

a. Plate No. 12+ The uplift item has been omitted in the
safety factor calculation at the right side of this plate. When it
is included, . 5. = 1.31 in lieu of the 1.75 shown. The wall design
st Btuticn 17+60 should be reconsidered to provide deeper embedment
or a K¢y wt the landside toe to develop increased passive resistancs

to sliding. //,/¢’

b. Plate Ng[ 13. The pumping station discharge lines should
be car:.=d over the t9p of the levase and terminated in the sitation
closur: <ate 8tructure %o e locsted on the river side of the levee at
the one~third point nearest the toe of the levee. The discharge lines
should ne free venied at the highest point. This arrangement will
elimint-e the need for s pressure conduit under the levee.

ce Appendix B. The comment in subparagraph & above is
applicaivie to the wall design of Appendix £ and wilil require coordin-—
ation with the design calculations in this appendix.

2. Appendix C. Consideration should be given to the provision
of & i - to develop passive resistance to sliding Cailure in lieu of
ancpor...g the wall with rock bolts.

e. Appendix D. The wall design in this appendix appears to
have a safety factor of 1.79 Tor Loading Cuse 1 and 2.4 for Loading Case
Z wher «n analysis is made which comsiders only the portion of wall,
earth . ad water above the base of concrete wall. Therefore, rock bolting
to the foundation iz not required. The design should be reviewed in
conjunction with Appendix B to develop the most economical seciion for
this height of walls

f. Resubmiital. Revised calculations for Appendices B,
Cy and U should be resubmitied for review.

FOR THE CHIEF OF ENGINKERSs
2 - T P
e
Incl w/d " WENBELL E. JOHNSON

Chief, Ingineering Division
Civil Works
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closure ‘ate struciure to be located on the river side of the leves at
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should ©» free vented at the highest point. This srrangement will
eiiminat - tne need for a pressure condult under the levee.

c. Appendix B. The comment in subparsgraph & wbove is
gpplicable to the well design of Appendix £ and will require coordin-—
ation with tne design calculations in this appendix.

de. Appendix C. Consideration should be given to the provision
of u key to develop passive resistance to sliding failure in lieu of
anchoring the wall with rock bolts. _.

8. Appendix P. The wall design in this appendix appears to
have a safety factor of 1.79 for Loading Cuase 1 and 2.4 for Loading Case
2 when an snalysis is made which considers only the portion of wall,
earth and water above the base of concrete wall. Therefore, rock bolting
to the foundatioa is not required. The design should be reviewed in
conjunction with Appendix B fto develop the most economical section for
this heighbt of wall.

f. Hesubmittal. Revised calculations for Appendices B,
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FOR THE CHIEF OF ENGINEERS:
,/f’,’:("?'\-’a [N "
Tncl w/d WENDELL . JOHNSON

Chief, Engineering Divieion
Civil #%eorks
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U. S. ARMY ENGINEER DIVISION. NEW ENGLAND
CORPS OF ENGINEERS

424 TRAPELO ROAD

RESS REPLY TO: WALTHAM 54, MASS.

~ SION ENGINEER

REFER TO FILE NO.

NEDGW 13 March 1963

SUBJECT: Chicopes Falls Local Protection Project, Chicopee
River, Massachusetts ~ Design Memorandum No., 7 -
Detailed Design of Structures

T0: Chief of Engineers
ATTENTION: ENGCW~E
Department of the Army
Washington 25, D. C.

There is sulmitted, for review and approval,
Design Memorandum No. 7 - Detailed Design of Structures,
for the Chicopee Falls Local Protection Project, Chicopee
River, Massachusetts, in accordance with EM 1110-2-1150.,
The contract award for construction of this project is
scheduled for April 1963, and an early receipt of your re-
view comments will be appreciated in order that the plans
and specifications may be completed on schedule.

FOR THE DIVISION ENGINEER:

p
|

L
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SN
o

! OHN WM. LESLIE
Incl (10 cys) \_ fhief, Engineering Division
Des. Memo No, 7
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FLOOD PROTECTION
CHICOPEE FALLS

LOCAL PROTECTION PROJECT
CHICOPEE RIVER, MASSACHUSETTS
DESIGN MEMORANDUM NO. 7
DETAILED DESIGN OF STRUCTURES

February 1963

A. PERTINENT DATA

a. Purpose Flood Protection

b. Location of Structures On easterly bank of Chicopee
‘River, Chicopee Falls, City of
Chicopee, Hampden County, Maass,.

¢. Type of Structures Tee-type flood walls, small
reinforced concrete condults
and miscellaneous drainage
structures.

d. length of Walls 565 feet and 885 feet, approxi-
mately.

e, Helght of Walls Vary between approximately
39 feet and 24 feet.

f. Foundations Sha%e, conglomerate and glacial
till.

B. PURPOSE AND SCOPE

l. This design memorandum presents the design criteria, basic
data and assumptions used in the structural design of the
flood walls, conduits, drainage structures, etc. A brief des-
eriptlion of typical structures with loading conditions and
assumptions used is included to show the design procedure.



Typical computations are appended. Since the flood walls
vary in height over a wide range, additional computations
following the same general procedure will be made for two-
foot increments of height over the range of heights expected.
The structural design, inciuding stabllity investigations for
typical and critical flood walls, is outlined herein, as well
a3 the structural design of conduits and miscellaneous drain-
age structures. Design of the pumping stations is included
in Design Memorandum No. 9, Pumping Stations.

C. DESCRIPTION OF PROJECT

2. QGeneral. - The Chicopee Falls Local Protection Project
comprises a line of protection of earth dikes and concrete
flood walls along the left bank of Chlcopee River, extending
approximately one mile downstream from the Deady Memorial
Bridge in Chicopee Falls, Massachusetts.  The location and
principal features of the project are shown on Plates 1 and

3. Flood Walls. - lack of sufficient space for earth dikes
caused adoption of concrete flood walls at the former Savage
Arms Company plant buildings and at buildings of the Chicopee
Manufacturing Company. These walls are shown in plan on
Plates 2 thru 7 and typical sectionas and details are shown
on Plates 9 and 10.

4, Conduits. - Small cast-in-place concrete conduits are
requlred €o carry flows through the dikes at several loca-
tions, for pump statlion discharge, process water intake and
to carry future interceptor sewer lines. These are shown in
plan on Plate 2, and typical details are shown on Plate 13.

5. Dralnage Structures. - Various Jjunction chambers, man-
holes, endwalls, etc., are required for the dralinage systems.
Plate 2 shows these structures. Several drainage structures
are complicated by the proximity of branch line tracks of the
Boston and Maine R.R., or by factory sidings.

D. DESIGN CRITERIA

€. General. - All working stresses conform to those speci-
fied In the Engineering Manual EM 1110-1-2101 "Working
Stresses for Structural Design,” dated 6 January 1958. Load-
ing conditlons, design assumptions and other design criteris.
are based on the following applicable part, in the Engineer-
Manual for Civil Works issued by the Office of the Chief of



Engineers; "Standard Practice for Concrete", (Part CXX,
October 1953; "wWall Design, Flood Walls", (EM 1110—2-2?01
dated January 1948 and Change 2 dated 15 March 1961); "Re-
taining Walls", (EM 1110-2-2502 dated 29 May 1961) and "De-
si of Miscellaneous Structures" (EM 1110-2-2902 dated June
1948). Accepted engineering practice has been employed in
cases where the Engineering Manual for Civil Works does not

apply.

7. Concrete. - The following table lists the concrete and
reinforced concrete stresaes used in the design of structures.
All stresses are those for hydraulic strue tures as set forth
in the Civil Works Manual.

Flexure Lbs. per Sq.In.
Extreme fiber atress in compression (except

conduits) 1,050
Extreme fiber stress in compression (conduits) 1,350
Extreme fiber stress in tension (plain concrete) 60
Shear -~ (v) ‘
Beams -~ No web reinforcement go
Beams with properly designed web reinforcement 240
Footings - at critical section (i)

Conduits at points of contraflexure - (In accordance
with Reccmmendations For Box Culverts, by
University of Illinois)

Bond - {u) Deformed Bars

Top bars 210
All others - 300
Bearing - fc
' Load on entire area 750
Load on one-third area or less - maximum
permissible 1,125
Modular Ratio - {n) 10




8. Reinforcement.

a. Grade and Working Stresses. - All reinforcement 1in
the structures, including temperature and shrinkage reinforce-
ment was designed for the working stresses of new billet steel,
intermediate grade, deformed bars, 20,000 p.s.i. in flexural
tenaion. The reinforcement shall conform to the requirements
of Federal Specification QQ-5-632, Type II, Grade C and to
ASTM Designation A305-56T. Bars for rock anchors shall be
60,000 p.s.i. minimum yield strength, ASTHM Designation A432,

b. Spacing. - The clear distance between parallel
bars shall not ge less than 1-1/2 times the dlameter of
round bars, except that in no case shall the clear distance
between parallel bars be leas than l-inch, or 1-1/2 times
the maximum size of the coarse aggregate.

C. Minimum Cover for the Main Reinforcement.

Plood Walls

Bottom of base slab 4 inches
All other steel 3 inches

Conduit and Drainage Structure

Bottom of base slab 4 inches
All other steel 3 inches

The concrete covering of stirrups, spacer rods and similar ‘
reinforcement may be reduced by the diameter of such rods.

d. Splices. - Splices will be lapped 24 diameters to
develop by bond the total working strength of the bars.

e. Temperature and Shrinkage Reinforcement. - Tempera-
ture and shrinkage reinforcement will be provided where the
main reinforcement extends in only one direction. Such re-
inforcement will provde for a ratio of steel area to concrete
area (bd) of 0.002 with a minimum of .00l in each face up to
a maximum of #O6 bars at 12 inches on centers in thick sections.

. Increase in Normal Working Stresses. - Allowable
working stresses were increased 33-1/3% Lor Case 1, loading
on flood walls (water at top of wall).




g. Waterstops. - Rubber or polyvinyl waterstops will
be used in all flood wall joints; 2-inch center bulb Y-type

Tor wall stems and U-type for base slaba. Condults will
utilize 3/U-inch center bulb type at all construction joints.

E. BASIC DATA AND ASSUMPTIONS

9. Controlling Elevations. - Design water level 1s three
feet below the top of the wall, as shown on Plates 3 thru 7.
The design also considered water level at the top of the wall
and no water in front of the wall. Footing elevations were
fixed by the requirement that footings be set into impervious
material below the random filla occurring along the left bank.
Footings on ledge were set on sound ledge, which required re-
moval of deteriorated weathered material.

10. Dead loads. - The following unit weights for materials

were used:

Material Unit Weight (1bs./cu/ft.)
Dry Moist Saturated Submerged

Random 125 130 125 72.5

Impervious 125 135 180 T7.5

Concrete 150

Steel 490

11. The following live loads have been used:

Water 62.5 1bs./cu. ft.

Wind .50 1bs./sq. It.

12. External Water Pressure. - In cases where hydrostatic

pressure alfects the structure it has been considered as acting
over the entire area under the full head available. Uplift
beneath flood walls has been computed by the path of creep
method assuming full head at the riverside base of the footing
and zero at the ground surface on the land side. Wwhere rock
anchors were used,uplift was also considered on a plane at the
bottom of the anchors.

13. Earth Pressure. - Earth pressures used against the
structures have been determined in general in accordance with
EM 1110-2-2502, Retaining Walls. Pressures are assumed to be




active pressures, Ka=0.33. Where landside backfills act to
resist movements due to the applied riverside loadings, aliding
block and wedge analyses were made, and rock anchors used

where sliding stabllity did not show a safety factor of approxi-
mately 1.5.

14. Rock. - The following design data were determined for
the shale rock foundations:

Compresasion (unconfined test 2200 p.s.i.
75% Saturated)

Coefficient of friction r=0.2, 0.3*%

Percent swell after drying 1.

Unit Weight "1IT70 p.c.f.

*0.3 at bottom of rock anchors.

15. Earthquake Forces. - Earthgquake will not be & factor
for the structures and was neglected.

16. Jce Pressure. -~ Ice effects will be limited to
possible lmpact of ice floating parallel to the wall, and 1is
not expected to be significant.

17. Wind Pressure. - A wind of 50 pounds per square foot
was used where applicable.

18. Frost Protection. - Stability and structural consider-
atlon will require sufficient depth for all structures for
ample frost protection.

19. Position of Resultant. - In the design of structures,
the resultant of the horizontal and vertical loads has been
held to the middle third with the water at design level and
to the middle half with water at the top of the wall.

20. Allowable Soil Bearing. - It is esatablished that the
minimum value of aliowable soll bearing pressure under the
wall will be 4,000 p.s.f.

21. 8liding. - A coefficient of friction of 0.20 was used
in compubting the stability against sliding of unanchored walls
founded on bedrock and the plane of sliding was zssumed to be
at the bottom of the wall bagse. A coefficient of 0.30 was used
in compacting the stabillty against sliding of anchored walls
and the plane of sliding was assumed to be at the bottom of
the anchor.



F. TEE-TYPE FLOOD WALLS, WITHOUT ANCHORS

22. General. - While most of the flood walls on this pro-
iect were anchored to shale bedrock as discussed in Section H,
Foundation Stability - Floodwalls" hereafter, two sections.
were designed without anchors. Between Station 8400 and 9+77
the rock dips too low for 1ts use as foundation to be feasible.
This reach of wall was founded on glacial till. Between
Station 16475 and Station 19+0, the wall was founded on shale
but has sufficient backfi1ll on the landside so that rock
anchors are not required.

23. 8Stability. - Loading conditions considered were those
set forth In EM 1110-2-2501; Case 1 with water at the top
of the wall, resultant in the mid-half of the base, 33-1/3%
overstress allowed; Case 2 with water three feet below the
top of the wall and the resultant in the middle third, and
Case 3 with water level 1n front of the wall at the riverbed
50 p.s.f. wind from the landside, resultant in the middle
third. Computations for walls at Station 8+40 and at 17460

are appended as Appendix A and B.

24, Reinforcing Steel. -~ Steel was designed for the worst
cagses winlch could reasonably be expected to occur. Stem
moments were determined without conslderatlon of passive
earth pressure. Footing moments were distributed by con-~
slderation of base pressures, with total moments at root of
toe and heel commensurate with the stem moment.

G. ROCK-ANCHORED TEE WALLS

25. d@eneral. -~ The peculiarities of the shale rock, dis-
cussed In paragraph 14 above and paragraph 29 below, resulting
from the possibility of nearly horizontal clay-filled bedding
planes, require that where backflll on the landside is not
sufficiently deep to provide passive resistance agalnst sliding,
the wall must be anchored to the rock. This design used #l1
high-strength bars grouted into 3% inch bore holes with non-

shrink grout.

26. Stability. - Stability was conaidered along two planes;
at the bottom of concrete and at the bottom of the pinned

prism of rock which acts as part of the wall footing. Uplift
was consldered separately at each level, by the line-of-creep



method. Anchors were inclined at 30° to the vertical

(15°% to the bedding planes of the shale) and considered
to act in tension, with the horizontal component resisting
sliding. The riverward anchor was placed vertically to
resist overturning. For sliding along the plane at the
base of the anchors, lateral rock pressure of 2-3 Kips per
sq. ft. were conslidered acting on the pinned prism to pre-
vent sliding. Computations are shown in Appendix Cc and D,
for walls at Sta. 5+80 and 24450.

27. Reinforcing Steel. - Reinforcing steel was designed
for worst cases due to the normal loadings, with considera-
tion of the effects of the anchors on base pressures. Ad-
vantage was taken of the rock anchors to reduce footing
concrete quantities.

H. FOUNDATION STABILITY - FLOOD WALLS

28. General. - Foundations present no problems in bearing
or seftlement, being shale rock for the most part, with
approximately 200 feet on sound glacial till. Foundation
stability analyses were made of all sections.

29. Walls on Shale. - Walls on shale were analyzed by the
s8liding block and wedge method where there was sufficient
backfill so that the sliding stablility was not obviously
below acceptable 1limits (factor of safety equal to 1.5)
without rock anchors. The following assumptions were made:

a. River level at the top of the wall.

b. BHorizontal loading computed as the full hydrostatic
preasure against the wall from the top of the stem
to the bottom of the heel. ILateral soll pressures
against the heel were neglected on the assumption
that a crack had formed.

c. Uplift pressures determined by the line-of-creep
wethod.

d. Toe drains on the land side assumed to be in-
operative; tailwater elevation taken to be the
ground surface.

e. Any rock embedment at the toe of the base assumed
to offer no additional resistance. The failure
Plane passing through this zone from the toe was
treated as passive sSoil resistance, since this rock
is generally weathered and chemically altered.



f. It was assumed that the theoretical sliding
fallure plane was:

a. Horizontal, along the bottom of the base.

b. Continuous along any 20-foot wall monolith.

¢. Had a coefficient of sliding friction equal
to 0.2. (Resisting force equals net vertical
including uplift x 0.2.)

g. Definition of Factor of Safety:

F.8. = Available Resisti Forces
Net Activating Forces

1
= (PN-Uplift)P+Py
. PW"UH

Where:

P = Coefficlient of sliding friction

PN = Saturated weight of all materials in the
sliding block.

Uplift = total uplift force n base slab.

P; = Gross passive resistance of sliding
- wedge less the horizontal seepage
pressure.
Py = Total hydrostatic lateral pressure on

river side.

Uy = Horizontal seepage pressure against
the wedge.

h. Soil criterla as listed above.. Dumped rock slope
protection bouyed weight taken as 70 pounds per
cublic foot.

These analyses showed that the greater part of the wall
required rock anchors for a satisfactory safety factor against
s8liding. The 8liding friction factor of 0.2 for the shale was
based on mud-filled bedding planes found in the core borings
and was determined numerlcally as the higher range of several
laboratory tests of sound rock cores. A typical analysis for
the wall at Station 17+60 is shown on Plate 12.



30. Stability Analysis for Flood Wall on Soil. - The
flood wall section at Sta. ©+40 was selected as typical for
an analysis of foundation stability along the reach of wall
which 18 founded on B0ill. The flood wall section, flow net,
trial failure circles and a typical analysis for one of the
circles are shown on Plate No. 11. The factors of safety
against foundation failure for the assumed conditions indi-
cated on the sheet are:

Trial Circle No. Radius (Ft.)  PFactor of Safety
1 66 2.43
2 88 2.50
3 . 48 2.35
88 A 2.00

From this analysis it 1s concluded that the design flood
wall section 18 adequately safe againat a foundation shear
fajlure, and that additional wvarlations or refinements of the
analyses are unwarranted.

I. CORDUTITS
31. Basic Data and Assumptions. - Stresses used are listed
in paragraphs | and 6. 3oll welghts are given in paragraph 10.
Loading was consldered for each case of s80ll pressure, internal
and/or external water pressure, etc. Joints will be water-
stopped and provided with collars as shown on Plate 13. Con-
duits for future sewers thru the dike were provided with capped
cast iron pipe closures at each end.

32. Design. - Design is based on EM Part CXXIX, Chapter 2,
dated June 1948. A typical condult design 13 presented in

Appendix E.

33. Foundations. - Foundations are natural tills and/or
sands, and compacted dike materisls. No settlements of a
magnitude which would distress the Joints are anticipated.

J. DRAINAGE STRUCTURES

34. @General. - Drainage structures are of a variety of
types and sizes including, gate chambers, Jjunction structures,
single and double manholes, drain inlets of various sizes and
endwalls. Some structures are close to the raillroad loads.

10



The B & M RR requires design for switching engine with 31,000
lb. wheel loads on 8 foot centers, with trucks 22 feet on
centers, plus 25% impact. The railroad requires a 45% stress
cone from the ends of 8'-6" ties and allows the 31,00 1lb.
wheel %o be taken as a uniform load over 3 tiles.

35. Design. - Design follows applicable parts of EM Part
CXXIX, pter 2, dated June 1948 and ordinary good practices.

36. Poundationa. - No difficulty is anticipated with
foundations of drainage structures.

11
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As= 0GLE W A=t/

AT 16' FROM BoTTom : LISE: 6~-C"c-c. ('073'0%0)




GREEN ENGINEERING AFFILIATES
ENGINEERS

BOSTON, MASS. rrostcT W0, _ 2207 3
PROJECT CHILOFEE FALLS SHEET MO, 12— of
DATE rEd 63
SUBJIECT FLOOD H/4(_¢’-5 - /‘\/DN AA/CHD’?E_D COMPUTED BY ‘5& T
L2 ' WALL - 2B BASE CHECKED BY Fow o,
STEM: [ANDSIDE (roadmws™3 )
(#cFER P4_)
AT AROTTOM P@s/f-' 2.2 X 667 = /7'4’ ;
—_— 4 Pes2= 143 x rt50 = 2.0
2 Pesz= o/ x /oo = 0.0 )
wwbd = 070 X 2000 = [BO)
37.6%)
4y = 37.600 ~ L
= 0905 /v
(385N 20.000 (42) 0% i
AT BT Tom use "7-12"c-c (060 wYw)
4
AT 14 FT FRorr 3eTToM L/SE ¥ -12" ¢c¢ ALL OTHE R WALLS :.
KerTK JTo
4%4@(;5 WwALLS £Te

A-/2



GREEN ENGINEERING AFFILIATES

ENGINEERS
BOSTON, MASS. . PROJECT NO. Lo 5’ A
PROJICT CHicoPEE FALLS SHEET  NO. /% o
2 00 AL 4 DATE FER 63
suser 2 = MON ANCHORED COMPUTID BY e
32 WHdLL - 287 3AS€ CHECKID BY Fuw!
STEEL EMBED ;’LAP 24 V4.

SHRINAAGE STEEL « *5-/2"

SCALE 757 o

!
F
i
#5126« _’?‘O _
Ye-Cc-C
L L
i S
- 10.0

1
e

-5

5-12"%-¢

| mpeg” o
t W=/ 00-C ALTERMATE RARS

e & ALTERNATE BARS RPD20. 1 ALTEXCNATE BARS
FrEplo”

A-13



GREEN ENGINEERING AFFILIATES
ENGINEERS
BOSTON, MASS.

reosect & O 1Cp s

SUBJECT ood Wonlls - ot Hakitoe s

IFL | sl

MROJICT No, $oc T &

SHEET NO. OF.

pate T3>0 24, /0 3
COMPUTED BY /Y L2

CHECKED BY _ O/

UD‘{? .“' Pff/(ru.';u?n‘j J‘/‘a, /7#6‘&
o @51qu At =354
Frral hf =382 ® 51/0. 17460 gu A 1o s 1ol
] e o
£L LT | féﬁd £
2
3 U VR
Load 227 ‘\
§
v |
¢ Wi 1? ' '\.\E‘
gl
vy ;
o
. Q

»

8 3

= — — T 4D

sEY
20.0

L IASF

L3S

2.2 /




GREEN ENGINEERING AFFILIATES
ENGINEERS
BOSTOM, MASS.

PROJEICT MO, cz5-2

prROJICT < é/ff/’c(.’, e s SHEET Mo, _C-

paty Jaz oL, /73

Lowd  lralls

SUBJECT

COMPUTED BY _ A 417

224" il churcxen oy _ R
57, /TAED
Ladc{fr{? # /
&,w‘”\ Factors { ) — | & EL""‘ J N?& MY
<, CS X/ 5" x 33.8 7.6 Yz g
Ce (O/ITXIFEK31/2 4.4 0./ 44
3 (OIS XEOX26/2 /,,4j 53 Y
cylons xq.6 x2.é /-8 | 23| /8
Crlo/s x/Q4x2.é/2 3.5] ey, 73 .
Cg | O/ X2, @2 X32.0 7 & zﬁv—é—" j/é.ﬁ /5 ; —ég‘l‘
Wien| 0.0625 /%4 X338 51,0 223| F/5 |
Wiy | 2.0625 X124 % 2.6 /2 16| 255 4/ —
Wes | ©.0725 X17.4 X 9.4 /3.2t lzz23l 297
Weso| c.0v25x 1%y x2.¢/2 | 18 265 47
Wéss| O./385 X Eo X /57 4 /¢ 4.0 cé
Wesp| O /35K /T4y X2.6/2 27 87 Zu4
%; CIASXB O X2.L/2 /Y 3531~ 2, k 4 438
C, | e.oecsxep/ X320 5%, 2 /L.o &5
Uz |0 0625 X 11.3X32.6/2 /1.3 2,3 247
Bv |G os2sx (3843/2 AV 4 590
% 4 4.0 .7 3oL
1071 é5.3 208 7 /696
53 1e7&
1.8 373
4-2_ = %— = F.4 7 ‘2‘;%- =& 0
Mori2. = 46 =27 [Re08251E2 = 27
kp xﬂm"z.s"xé’;.‘z.l =27 Kp= 2

Note! Kp % terins 2F c. 06285 =2, 3
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GREEN ENGINEERING AFFILIATES
ENGINEERS

BOSTON, MASS. PROJECT NO. Gl =&

- PROJECT Cé/.:a/p—'f; LS SHEET u;_ 3 or
pate S22 EF, /763
SUBJECT Al ood W;}_//S comruten By A b2
VY4 enEcKep oy _ <o/ C
\oo\ ' _ e e e e B = ("‘ —
o Foctors Vit |—|—p M M
C-Ce - 25 8 3&£°7
We s 3577 43 &
Wivel O 25 X174 X 2. & /2 /- é 2575 &/
Wi, | CO825X 1% 4 X 30,8 304 22.3| £33
o O 0825 XESTT X320 YA ’e O Bes
05 | ©.0e25 X %5 X 32.0/2 Fes™ 213 zoz
P |C0825 X3554° /2 3z2\/7.8 yel
7 37.2 7l zez
103,5 g/ [79&/ S EF
L sl 1587
ye 4 47

z =L = 4 > %:/47

T %e=4.7

Note : 300" base Compoted dnd »not ddeguate .
e base 32.0°

- 23

Mori?®, = 37.2~2597 xooécs 22
Z

kp" O O7Z5 A 201_—_— 23
2.

Nete: Kp 127 Terms of Qobzs =485

T2 424 ()2 ¢ x4 ~ -
X (12 ex&l ) = /33 () £052) —j,j;i'

‘....--—'-‘_'"aa//

S5
74
57
!

B-3



GREEN ENGINEERIN"
ENGIN

BOSTON, MARY, prostcr o, C<ZT—2

roicr _C Lz e = e sHEeT wo. oF

Fed 2T (72

DATE
susJEcT Flood _winlls comruTED BY /Y it
35 4 el CHECKED ¥Y __ (R
o Tt SIS
[-03‘:/!7-‘3 S Surcharge Porfion of Triamgular ferce Erromeovsly [ncluded. fffect
J§ e howerery imsigmifIcont
= g —
il er 890 i e
R
P‘halsf O } —— £
QJ 1 EF ,QT
9 / ) i \
iSLfJL_'rn:r' ed .. - 3.; '
: ‘TF'}& ——?E--P R V!?_SZ : \: - ' t g.’f’
. e§lj @5y e} i ,;,\ : ‘\ i 02
; i
/3.:‘, - /e_s;-
N B B N ~
‘,\(” Factors l T Av @ ’/I:]
N e J— ..A_T_W el S S A ———m — e o
&-C, 26.8 | - 387
Wes _ 352) ! | w3s
|
Wive OU2E5KIZY X2.C[2 L6 255 4/
v Co L2 XIO A 32 200 1¢.0 320
Pesi | 0,430 x /3% %1% 3.6 133 S24
i b
Pesz 2. 130x & X0 5768 S0 | z8.3
Pesy | O.Owes X 10 E <k /.20 33 4.0
wind | 0,95 X /5. 4 i L 0.92 292 z2m o
Su,ci._"'rj 3 )(0-/30 )(/0!6 1/./! 53 21.3 .
’ e 7 T EZET |13 272 R T
20.0 320 . O i
— G4 ST 14,6 Loz Yy 57 24 .5
o = é—ﬁ,,
LS4 SN = A 7E(120.263) = 2.2
P“ 2 2z ( 3 2 ( /l 3 f’ 8. d) r#' 4




GREEN ENGINEERING AFFILIATES

ENGINEERS .
BOSTON, MASS. PROJECT MO. L2ps=2
PROJECT f—'"/;'/(.p,}”—' S s SHEET NO. 3 oF
DATE __Feb 5T /L7ET
SUBJECT Eleawd el lls COMPUTED BY _ /= Lt~
gL el CHECKED BY e /%
Tow s i Ste! IR
P - XD bz 22 e 3 B —
o \ 22 e
feud 1 are| A2 e
. ‘
Wy T ) .3 N f22xyr B . 2,76
28 2
Wi g4 . - .
55 Job | X853 7. 401 tmy\g =¥
C3 e | xz2.77 .20 T @:/uﬁ: 2K 2 825 LT
Zm, ZAREXCIS Z.Y4qe L 7 ¢ 71 2 IRC OEES = ) FC
_ Ssmoo k! 2 —
Po2RE N W2 cE 3 T enesoRp Gemare <.
R OBy rE [z Py 52 tE.
W LB XE fd, 2 Rl A
/2,6 4 CR VR
= 15
Lo < . b'_”_’]_”Joﬁ' Net Fressvre
] [ = >
Wi sy /6. ¢ ‘6. M B ey 3
N
s ly 7.8 v
4 :
s VA b, N \13 T _I\‘Q Ul F1
Cem 2.4 7.6 % ‘“\i“c ~ '
P 194 x8.0 /550 f2.o ) PG LIS =4 L2
P2 0.61K8/z Z. 4 /3.y CEE RC.CEIST =476
U /X8 12, 8 s b
" - M_O_-— — C’a 5-,7
U, 0.4 x5/2 A /6y As Sl
Oper?S
A . © o
731 4/ ¥ D9
Leud 73 _
we &C 2z.04 Bs. 6" 4% TH 3
* Y
Fo 20/x80 /el E4 4 :{Jk_l#__d_ N
B 2.23x8 o7 : '
R 2z3 27TV e - i0R00l25m0 025
U o, & 5KEr SO 0.0 ¢ Corrsts
o0, 0 2.5 %
r
Sliear t,f Ber d ‘2 Ff?s ¢ Watle 15 Jess Uj_e_T_____J'____a_l/j 72/0 of foe
Ty re?_wrea/. Shrivn K23¢C 5 5

S=e /7 CAF.



GREEN ENGINEERING AFFILIATES
ENGINEERS
BOSTON, MASS.

PROMEY Mo, LEET L
SHEET No. _ & or

prOSECT _ Asi % petel o (s

DATE A—‘é- e /7/3

sumsIcT feod it s conmrts by Y s
3R et CHECKID BY /5 -
) , < 32,0 .
He=( 72,9 Seef ) g s s
Lo d #/ o T/{ =7
= 3z €5 Z4.7 i;‘/’?ﬂaf Fressore
Gem LOXIRYXOISF 5B 77 %O ) ez 154 ) e
Wisy 41 77 390, )
Wi lLe | r27 2/} ® <~ WPl
Wesy /1322 | g7 /28, 3 e o T f:
sz 18 4 27 3.3 ) S8 KRG 025 =478
F o leqxisife 1284 52 il.5 3B yxo0ils =2.4/
U PIEXL7y 354 ¥ Asd 372, " 7/
o o43xityfe 4.2\ 129 2R As = ;5:::;‘:; ;ofivxs'/
1.8 ¥ /575y C o
#9 D8
boad 2 } Az < Mot
i Cen 7.¢ ‘ 52,7 ¥ W“ Fres
W, 374 | 97 362, ¥
Wiva /€ |27 2z, ¥ Y W P
Wes s-2 /570 4 /5l F - AL A
5 aoNx/7e 2./ A 97 zo. b
BB issxiryfe 43 | &5 93 2985 KO 25 =LEY
U L8y xI%y 356 | 27 3440 35T &0-5’6{:’5' =22/
Uy & 37819 4/2 XY we v 2/%«%/ = /5
g0 | /27. 7 4 ey
Seac FLE



GREEN ENGINEERING AFFILIATES
ENGINEERS
PROJECT Mo, f L2252
é/ A OF.

BOSTON, MASS.
PROJECT _Cé_L;.?Zi.__&_ZLL_ SHEET Mo
oave Lz b [l /73
Vald 724

COMPUTED BY

ftond i lls
2 2, 4 ' Les Sl cHckeo By (e’ /%

SUBJECT

SHa.. JTAL

For- a/dsgn 6,5 T a»d /Jaz// C,o';v_’)'/a_/e’.r‘“
/S Detrry .8 Fritior Fres? Frodec e

?"Aa:f i d~4

Fassivt Proiiore

hAorid 6?0/ //.é FrrL A,

[oe
~ yg, O
Z_O_d;{__'___/ C - 4& Lé: X
z9./ eo’ 2o’ 27,1 rrkbalyircrd
%‘I ' e :
J
e7/l X /.Zf'xézf =767
Mo was I T3
- /
~zp/xciy 173 New F =252 = 4.9
i

IX354.6 =478 Bl )
P=578 | 2

Se e /-79—:16_ s

wes ¢ C 2zo | 5.6
£ 2.5gx80 = 284 4,0 Ee. 4 )
=4 3azx_§_;r/z.?= /2.9 733 &2 )
“ug Us 14,2 7.0 ¥
. 120.8 ¥ Lwas s 4]

25,7 T

A, = f2LEo /2 _
> 27000 AC, FOTASO /2 Governs
Use “g88

tee! Load #/ Soe P b

FyM= /58 +tééds =224
Lood P2 Goverms
See €8

G-7

Oy T

Ms = 224,000 X112 =2,/
27002 Lo, 507R5
! . A =2,¢




GREEN ENGINEERING AFFILIATES
ENGINEERS

BOSTON, MASS. . _ PROJECT Mo, ECOS— 2
wmoster _Ebscopes ol /s SHEET NoO. ___i_ﬁw__;r{—
parse _ b/ /P63
svasect Lload M/ ls comPuUTED BY LY
F5 4 et cumckeo sy WK

S e Vol T4
W th Ne Fassie fFressope (CoT)

Zog
Load ™2 25 so
N : | it & 372
VA

/eZ LeZ
Morm was 472 2579 X O, acz,rxéi‘? = /€. 2.
23x6.47 /53 3P.2-/62 =23.8
3 9 :
L 424
32.0 -l
P X3 L3 = 42, |
X253 = 42.4 P N
M ——
gc zz.o) sy TGt e LBL2 -y
7 243 X8 19.44 «  77ed Y (Y - S
7o 433X 8L 53 | smer 3=22)
7y A~ /3.4 52 £ )
v 23,8 ¥ [was #5547
z
Load [ Governs
As =738 = = Le2 "
kg KD (e E &
Vo= 35 Y%
Aee f Load = > See p ¢
g was syt Mo w3 $ 1230
4ETARIOS2 Now B, X333 MNow 4]

Dff 8.0 O Ff Be
C =80¢8.0 = /6.0 }
Morm = 709,77 A FS = 174,77

As =/94.77 _ 2.7 =/ D7
Sy X3/ Coverns 5"5

Liwas %9 o087



GREEN ENGINEERING AFFILIATES
ENGINEERS
BOSTOM, MASS,

PROJICT Mo, 6COS~E

PROJECT CA_/Co,P e ;'4‘ //S sweer no, 7 OF

suBJECT A / o] c/ s %‘/ / hy

paATE __ A& /!
comruio sy LY it

3L & ' e //

CHECKED BY yradud

ST . /77 g >
Hee!  Bok Steel o 17 oesy -
Load *3 °\“.—-~—f—-““"*——“3
248 2 e 4
Lphft = /oK. OL25 = C25
Sl stla
ﬂw‘o?\ Faectors l T =] — A b M\‘ /“’\"S
Cr§un % S ey |
Wesy | /30F (74K 4.0 N, 7,7 78.0
Wes f 0./35¢ /9.4% 54 . 77| /3p.0
Wesz | 06./35x /94 x 204 Y 2. 4 ’e, 7 by O
F i3 X984 25 4 2.7 244
7 0-56 X /194 & 73 5y ‘s 35
U | 0615 xi04 12,/ 97 1%
| 357.7 378
359.7 -
38.31%
As = %:a = o3y’

Cse =c238"

B-2



GREEN ENGINEERING AFFILIATES
ENGINEERS

BOSTON, MALS. sroJECT Mo, £LE5E
srosEcT _ < A/L..//l/z' e lfs SHEET MO, f —__or
bave _“Le b, 6, /TE3
ssJIcT /C:/aac[ W //5 cCOMPUTID BY Y Ll
284 Wall cHecKeo By Lt /T

SHee! s Stenr, Alveside

L"—"-——I A+ 7"9/‘0 a/ éq/s,e_

x

‘ Load Zf M=o 0¢z5 x = you'”
T 20 o
; ]1 3 o 200 AL 44 <s2
! | (\a~ No Comp. Steel rceded
i
L g W WE GG I5TXOISXIZE = Texo7s =577
: AN it O./.f’(/&ﬁxi_( = 4% 2303 = /3.2
QI e /g 2 /8. T
i | - _ /& A K- :
b Z=LL = 55
Ny el U es o stee/
|

Lood T M= 2.0 x50 = /s

| ‘
| |, c=%5=37C NE 417
i £ - 3570X/2 _ o,/
S5 i Tz - T 7
N N R ,
" | § % Table /¢, < =/13
) ; ‘ -
! | Table [ k=27 reo a =2 00
| pe 223 ) 4l
' f As -77'&:2 = soxFTRITs = 3¢
! ‘ (\g LAs=z39 meglectimg evie! lead]
1 | " H
% X Q doad @ M=loxl2s = 47
W ﬁ ® £ 304
: | NE 317
f . H
| ‘ P 6-—:%‘% = Z¢.é
. L_26eX12 —¢g.2
o ° Tz
L - s Table /o L =AY
Y »

Teble /. A =20 svp- a=/ 44
As =D my9 o 3,4

T ad
“ Loty g XS 1TAIT

z= D5 B-/0



GREEN ENGINEERING AFFILIATES

ENGINEERS
BOSTON, MASS. prosIcT No, 2285~
PROJECT _Qé_mz;g_a&._,&.lls_ ey vo. 2 or
TE ML
suBSECT ,F/ca a[ . el /S ::anp w ANk
k- P78 %// enecxrp ay Lo R

Stea/ /37 St Kiver side (Cow?)

O Frons 7op of base . Lead FTE goper»s

3 - { /77D cror—e—
M= 025 X 25 - /77 = “ = 3y <42
T V ~Fzo— “h<s
LZz o
As Tt snne 2.95

L/se o 96'”

zo.c’ Frowm: Tzp of wall Load #/ Qorer?rS,

M:‘aaézfx.%cz:;é’& £y
- 2. 4 = A /
As f;axzq L7 (“8.54% )
Use T & D d"”

L

/0.0 From Top of wall. doad =/ Jorerms.

M= czaéz.s";«_%ﬁ =s0 4"

14

As =184 = o0,357

2.oxis
7.;7 #6-.- S = e IINLe — ra7

2,35
vse RO so’

E-/



GREEN ENGINEERING AFFILIATES
ENGINEERS

mm,'m. . PROJECT NO. (Z&.S——Z
PROJICT C—A ~ 5 SHEET NO. -&—OF_——._
Aot o, (P2
SUBIICT F/OOJ Wc?. //5 ::;.'“"p (V4 F/YW
384 /3l cnckip sy
Steal 177 Sterr Lawndside Py
B e e S
.
L
! "
’ by
N N -
N .
Se ”4;’3’?3@.___.1 S n
~ ]
Y i iy Ml
7‘{‘—" ~ ‘i',"f“\ . 11 -‘ -
X o i 4 |
r
y A
n it " :
: i
i ) 3 e
[ ;\i
T Ll
Pe;,,, peﬁs -

;a:'u.,' = Pﬁs_f’

Je,, = 0.,/5’0.& /SZxéng- = ?-Cé XPTE = 356
J2s2 T /30 K/3 x%ﬂ = 3.4 X2.7 = B 2
JEsa :a.anrxf‘},(«é-x{; :Q.3f X /5 = oL 2

Wind = 2085 x/R4y @92 K246 = 22.6 Py

—_— ::Q'G
%297 :
5,7'0 4y dp X5
£
As =622 - 066 L Use FTT7 D ' co, &
Z.o0<5/ e RE 22 Ay = . 0F

Ar /. 4 ‘ b 73}3
M= o X /B yxh2 =B85

Ao = 8.5 = .28 Caee Fu 22/  (Day)
< @ A22 =P - o3

25 al? = 2 37 5_/2



GREEN ENGINEERING AFFILIATES

ENGINEERS '
BOSTON, MASS. HOJECT NO, o= 2
PROJECT C/)/Cf.g}"“‘" /‘:—a ///5 snEer Ne. 7/ / oF
oane _Lcbh. &, /743
SUBJECT Yo /doc/ et /s CoMPUTED BY _ L= LY 1t
3.8, 4 pal/ cHEckED BY __Ler Al

24 Ara. @rrbedrress e Ja 7

For

Ter P d shrimkege steel ST D S e fee s e TR

) o fo
= N
. ~
‘ .
(T 1a 3
N Iy
SRR \
o
2 1
‘ N
. N
l, (a ,
R & )
s o N
| v *Si
| N
- _1_.__“_ _ R I % .
. 9
)
r‘? @
CO N
N )
KN

7/ /o0 e P4 ‘ - B-/3
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GREEN ENGINEERING AFFILIATES, INC.

.

Vo

-

2P0

ENGINEERS
BOSTON, MASS. rrosicT o, S OS5
PROSECT CHCOPELE FALLS SHEET MO 7o
oAty LS. L FE2
S— Lo WAHaLsL - ANCHORED compuran sy 2 At
2& 7 mrale -~ 340 BASE CHECKED BY N W
STA. & rEFO ’ ‘
' ' A8
il LoAD I N #/)
, o k —
TNO"? prefrm;nar-; ) : m 1 # 4
desian watl B =26 ____L_:_I_L
FIIV},’)/ d'e;a'fju a?’ 5/:? ’
&‘ 5495 bt - 257k
NS fffec?‘cnej,"féf'é/e
) as hecrmed < ‘0 . W, ’
7 - s .
','Q V| Final bt 2578
/! \5 b
- & ™
N ﬂ A
oD
EL.91 5 | . A~y
rrawt —_— — —_— —_ it
. ' { Vi/ej:g zl_ (Q
'?i o e cr] x| <5 .Lnj'__': N ———
f ™ <3 ™ [
kN Y NER 225"
i o N - P -
! o
h -
1 5 4
oL
s ‘ F ’
L
—
Te—
~J~e Hi““;__-\_\__{\ s
LSl ST
Lospi~nG [/

LIl ET
LoD NG 2

¢
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GREEN ENGINEERING AFFILIATES, INC,

'::'Go":f!:lis“ PROJEICT NG, 1‘2 0_{—
PROJECT CHiCcorLE FALLS srer No. =2 or
pate L. /L2
suBJECT AhoOL Weasrs - AMNCHORED compuEn py 2
P el L — B4 BASE CHECKED BY LMW
Losannvs ¥/ MO £ILL OvER HEEL WSED /n/CASE [ €2 (Consermbve)
(THE AvERAGE 1S 3" EH/LL - X AMoveE A/ESHELE
} 1 > | [Aem | G )
<, L3O XILS X LS J?/f /a.zﬁ" S57
<> Fox S xoesx /S Lo/ - pse | pé
<s SHO NS K 0 IS JE5 /700 | s30./
Ca FOo XSS xS o £F PN £ 45
C o PSS xrS x L x /S| 0f6 S LT S
Cg 225X/ L x /T 253 spee| 45/
W s 270 X 22, S x. 0828 | 3234 2275 7357
Wz ZLSKALH L 0620 s o064 zds0| 28/
Wes, | 790 x Soxorsy |48 /700 | r8) 8
Wesa PSS x20 4 0./F5 229 ' H25 9,7
Wesy | ST $x/ 0 Xx .S x./35 086 - 2 83| 24 _
Pw, | odis x 3255 7200| s0.67 IHIY
s Lof2 x ///2 %/6/ 5.54 287 203
&/, JE S XN OL2 S kKO IH2/ /7. e I8
L/, S X o2 X LI 6.6} 22.67 3820
= 89.24 s/ /0 554 3100 JELI A /3059
S/ /0 . /3053
g e 14~ 3355 <
s eerans7 & ._é—-‘jj 9 = f.?& ’ FRont FoL
, FEIE
Ehatd = A S0 , o OF.
3
Aoz, fForcst (INBALANCED ) = 3200 - 554 ;-(a.:"xjd’. /4 )
‘ , = /498 X
:_" 1z ‘Q\ NZL/a AoD e M = I x5 75 = 562K
i A = A= 355 + 56.2 = 37/.7 %~

¥ = 22T w03 > s
I P SE s
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GREEN ENGINEERING AFFILIATES, INC,
ENGINEERS
SOSTON, MASS. paoner no, _E 225
PROSCT CHEOPEE FALLS sharr wo. =2 _or
oatE _DLEC. SR8
suasscr A LooD Wil - AAKHORED conruran ay 2
L& mMrecse ~ 3¢ RBASE CHECKED BY Y
& . .
Z_OA&/’\/G 2 (VV.J. Ar 2 BLLor Toro o WA(_L)
o
} 1 — - | Acar AT ’A:T
<,
< |-
<3
sFfe/ 2557
C‘i" ' .
Ce | !
) ) , ] ,
Jev oy 200 X225 x. 0828 |28./3 227518327
Nz r0é ] Y ¥
Wes,s 5#ES PRy
Wz:z 2.27 7.7
AVess | 0.6 2.4
P, N ~"/°};; 1 28.2P 27 254/
I
Sz 554 . 20.3
Z/, AN AN Yo Rer o P g F273 /7 oo RS A o
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